Background: Poor dietary habits are associated with higher rates of cardiovascular disease. However, the cost of foods associated with lower risk of cardiovascular disease can be a significant barrier to healthy eating. Objective: The aim of this study is to determine whether food prices per serving differed across Kentucky counties based on health ranking and overall nutritional quality. Methods: Fifteen counties were randomly selected based on County Health Ranking. Overall Nutritional Quality Index and cost of 75 foods were assessed in all 15 counties in the same week. A generalized estimating equations model and post hoc analyses were used to assess differences in food cost by nutritional quality and health ranking. Results: Food prices were significantly less in the most healthy counties compared with the least healthy (Z = 3.8; P G .001; $0.08 per serving). Prices were also significantly higher in least healthy counties (tertile 3) compared with moderately healthy counties (tertile 2) (Z = 2.3; P = .024; $0.05 per serving). Conclusions: Disproportionately higher food costs are associated with poor health outcomes in Kentucky counties. Community-based interventions can potentially improve access to affordable healthy foods. Current supplemental nutritional policies do not address disparate food costs. Health professionals should advocate for policy changes that are reflective of these food cost disparities.
T he cost of food impacts the decision and ability to consistently eat a healthy diet. Poor access to affordable healthy food items is associated with high rates of obesity and cardiovascular disease (CVD). 1, 2 In many households, fresh fruits and vegetables are often perceived as being so expensive that they are considered luxury items. 3 There is evidence that access to larger grocery stores or supermarkets is associated with greater consumption of foods that have CVD risk-reducing properties. 4 However, low-income individuals are often unable to afford these healthier foods irrespective of proximity to larger grocery stores. 5 There has also been a shift in US household food purchases from grocery chain stores to mass merchandisers, warehouse clubs, and convenience stores. 6 This shift in food shopping locations has resulted in an increase in the purchases of foods with poorer nutrient density. 6 Many at-risk individuals live in counties that tend to have high rates of unemployment, food insecurity risk (ie, the state or risk of being unable to provide food for oneself or family) and a significant number of families dependent on Supplemental Nutrition Assistance Program (SNAP) funds to meet nutrition needs. 7 These socioeconomic hardships are particularly notable in Kentucky's Appalachian region, where decades of persistent poverty, geographic isolation, and culture influence dietary habits. Many of these disadvantaged counties have small grocery stores and an abundance of convenience and fast-food outlets, resulting in residents consuming a diet high in low-cost, highly processed foods associated with high rates of morbidity and mortality. 8, 9 Because food cost can inhibit healthy dietary behaviors, the purpose of this crosssectional study is to determine whether food prices per serving differed across Kentucky counties based on health ranking and overall nutritional quality.
Methods

Procedure
The County Health Rankings and Roadmaps ranks every county within each state based on rates of mortality (ie, premature death from the National Center for Health Statistics 2008Y2010) and morbidity (ie, poor or fair health, poor physical health days, poor mental health days, low birthweight from the Behavioral Risk Factor Surveillance System 2005Y2011, and the National Center for Health Statistics 2004Y2010). 10 Higher ranking is associated with a greater percentage of mortality and morbidity. We categorized all 120 Kentucky counties into tertiles of health ranking (1, most healthy counties, ranked 1Y40; 2, moderately healthy counties, ranked 41Y80; 3, least healthy counties, ranked 81Y120), and 5 counties were randomly selected from each tertile.
The Overall Nutritional Quality Index (ONQI) rankings of 75 foods based on the US Department of Agriculture (USDA) market basket were assessed at a large chain supermarket in a metropolitan Kentucky county. Data on type and size of retail food outlets were obtained from the USDA via a Freedom of Information Act request (Table 1) . 11 The largest grocery store or supermarket was selected in each county as the site for cost assessment to determine the lowest cost of food items available within each county. The cost of each of the 75 foods was then assessed in all 15 study counties during the same week in October 2014. Food items included whole grain and refined cereals and breads; fresh, frozen, and canned vegetables; fresh, frozen, and dried fruit; fruit juice; fresh, frozen, and canned meats, poultry, and fish; salty snack foods; fullfat and skim dairy products; nuts, nut butters, and legumes; soda; eggs; jelly; and cooking fats. Store managers were notified of the study procedures when the researchers first entered the store and introduced themselves. Managers were assured that the data would be used only for research purposes and that food item costs would not be shared with competitors. The research nurses also offered each store manager the opportunity to review the cost assessments for accuracy and of the 15 store managers notified, 1 manager requested a review and reported no errors in price assessments.
Prices were assessed per serving size instead of by weight or volume to reflect a more accurate comparison of cost. Serving sizes for fruits (1/2 cup), vegetables (1/2 cup), dairy (1 cup), and grains (3/4 cup or 1 slice of bread) were determined by using USDA standards. 12 Protein servings were set at 3 oz as recommended by the American Heart Association. 13 Two nurse researchers assessed all prices, and results were compared for accuracy. All grocery stores were regional or national chain stores. Identical generic or brand names were assessed in all 15 stores.
Measures
The ONQI scale, developed to measure the healthcontributing properties of foods and beverages, was Establishments commonly known as supermarkets, food stores, grocery stores, and food warehouses engaged primarily in the retail sale of an extensive variety of grocery and other store merchandise.
e Very large supermarkets, ''big box'' stores, super stores, and food warehouses engaged primarily in the retail sale of a wide variety of grocery and other store merchandise. Includes stores that are large food-drug combo stores and mass merchandisers under a single roof, and membership retail/wholesale hybrids offering a limited variety of products in warehouse-type environment.
f Self-service stores that offer a limited line of convenience items and are typically open long hours to provide easy access for customers. Engaged primarily in retail sale of a variety of canned goods, dairy products, prepackaged meats, and other grocery items in limited amounts; usually sell a large variety of ineligible products, such as hot coffee, alcohol, or tobacco products.
used to assess nutritional value of food items available in all 15 counties. 14 The index quantifies how each food contributes to or protects from disease risk based on an algorithm. Health-promoting nutrients (ie, antioxidants, minerals, fiber, unsaturated fatty acids, carotenoids, and phenolic compounds) comprise the numerator of the index, and disease-contributing nutrients (ie, cholesterol, sodium, sugar, and saturated and trans-fats) make up the denominator. Scores of food items range from 1 to 100, with higher scores equating with greater concentrations of CVD risk-reducing nutrients. For this analysis, we categorized scores into quartiles (ie, 0Y24, least nutritious; 25Y49, minimally nutritious; 50Y74, moderately nutritious; and 75Y100, most nutritious).
County health ranking was based on the 2013 County Health Rankings Health Outcomes. Eight of the 15 counties are in Appalachia. Additional countylevel variables included 2010 county population, 15 poverty rates, 15 Appalachian status, 16 and unemployment rates.
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Analysis
Descriptive statistics, including means and standard deviations, were used to summarize study variables. A generalized estimating equations (GEE) model was used to assess differences in food cost by nutritional quality and health ranking, adjusting for multiple measurements (price of foods per serving) across counties. The GEE model included county health ranking (most healthy, moderately healthy, and least healthy), ONQI quartile (least, minimally, moderately, and most nutritious), county population, and Appalachian status. Post hoc analysis was used to test for pairwise price difference among county health ranking groups. All analysis was conducted using SAS version 9.3; an ! level of .05 was used throughout.
Results
County health rankings ranged from 9 to 116 (Table 2) . Counties ranked as the least healthy had higher average rates of poverty, SNAP participation, and unemployment than moderately and most healthy counties did (Table 2 ). In each of the counties, we measured the prices of 75 food items for this analysis. The most expensive foods were rated in the minimally nutritious ONQI category (mean [ In the GEE model, controlling for county population, Appalachian status, and ONQI rating, there was a significant difference in the price per serving of foods based on county health ranking tertiles (# 2 = 12.0; P = .003; Figure) . Prices per serving were significantly less in the most healthy counties compared with the least healthy counties (Z = 3.8; P G .001), with average prices being $0.08 higher per serving in the least healthy counties (b = 0.08; SE, 0.02). Similarly, prices per serving were significantly higher in least healthy counties (tertile 3) compared with moderately healthy counties (tertile 2) (Z = 2.3; P = .024), with an average difference of $0.05 per serving (b = 0.05; SE, 0.02). There was no difference between prices in the most healthy and moderately healthy counties. There was also no difference in prices across counties based on ONQI category. County 
Discussion
Disproportionately higher food costs are likely to be placing individuals living in counties with poor health outcomes at a higher risk of food insecurity and poor dietary habits. Kentucky has the eighth highest rate of CVD deaths in the United States, 10 and improving access to healthy foods at a reasonable cost can potentially reduce its disproportionate CVD morbidity and mortality. Although disparities in access to affordable healthy foods are well documented, 18, 19 this is the first study to analyze cost disparities based on nutritional value of food items and health ranking of counties. Studies that have evaluated cost discrepancies in single food items or food groups have had mixed results. In an analysis of 855 US grocery stores, both 1% fat and skim milk were significantly more expensive in majority black communities than in majority white communities. 20 Fruit and vegetable prices did not vary in 12 rural Montana counties, although fruit and vegetable quality was significantly better in the least rural counties. 21 Further research is necessary to develop and test strategies that improve accessibility and affordability of healthy foods in counties with disproportionately poor health outcomes. Strategies should include community interventions and policy advocacy strategies that result in more equitable access to healthy foods. In impoverished counties, increasing access to healthy foods is unlikely to be successful if the reality of disparate food costs is not addressed.
Although overall food costs are higher in counties with poor health outcomes, healthy, affordable foods are available in these regions. 22 There are effective community-based interventions aimed at helping individuals identify and access locally available, affordable, healthy foods. These interventions include nutritional education and cooking skills programs delivered by USDA Cooperative Extension Family & Consumer Science agents, 23Y26 incentive programs to encourage families to grow and sell produce to local grocers or via farmers markets, 27 and programs that emphasize the cost-effectiveness and positive health outcomes of consistently eating home-prepared foods that reduce the risk of chronic disease. 28, 29 The Centers for Disease Control and Prevention recommends that communities provide incentives for the production of foods from local farms as a strategy to prevent obesity. 30 Individuals who have limited incomes may be more apt to purchase locally grown produce because there is also less risk of food spoilage when fruits and vegetables are purchased from local growers. 31 When individuals perceive easier access to locally grown produce, they eat significantly more fresh fruits and vegetables. 32 Incentivizing individuals and families to grow and sell produce locally may afford the opportunity for individuals to purchase fresh produce at a lower cost.
The SNAP is a federally funded nutrition assistance program. Individual state legislatures have flexibility in determining eligibility and methods of SNAP distribution. 33 Individuals who participate in SNAP tend to consume fewer servings of fruits and vegetables than those who are ineligible for SNAP. However, frequent home cooking, ease of food preparation, and greater length of time before food spoilage are associated with greater vegetable consumption. 34, 35 Programs taught by USDA Cooperative Extension Family and Consumer Science agents are effective in helping individuals develop cooking skills using affordable, healthy food ingredients.
23Y26
Advocacy aimed at improving the efficiency of SNAP should include awareness of discrepancies in food affordability. 36 Legislators must take into account regionspecific disparities in food affordability. Current SNAP policies do not address food cost disparities in counties where rates of CVD prevalence, poverty, and SNAP participation are disproportionately higher. 37 There are currently no cost considerations on foods that can be purchased with SNAP funds. Participants receive a set dollar amount of SNAP funds each month, depending on the number of individuals living in the household. 37 In contrast to SNAP funds, the Women, Infants, and Children's Program, which is not limited by a set dollar amount, funds specific foods associated with positive health outcomes (eg, dairy, legumes, fish, whole wheat breads, fruits, and vegetables). Participants in the Women, Infants, and Children's program receive cash vouchers for fruits and vegetables, and other foods are purchased by number of servings or ounces. Purchasing foods by quantity rather than being limited by a set monthly dollar amount eliminates the region-specific cost disparities. Cash vouchers for fruits and vegetables provide the opportunity to purchase fresh produce from local sources. 38 This practice of providing ''food packages'' would eliminate cost disparities and incentivize more local production of fresh fruits and vegetables.
Food cost disparities have an impact on health outcomes. Current SNAP policies do not address these food cost disparities. Healthcare professionals are in key positions to promote local farming and selling of fresh produce. Public health advocacy should include prompting state legislatures to revise SNAP policies so they reflect the cost disparities experienced by people in regions with disproportionately high rates of chronic disease and poor health outcomes. Local public health officials should also develop partnerships with USDA Cooperative Extension Family and Consumer Science agents to promote community outreach and nutrition education.
h Food cost disparities are associated with poor health outcomes. h Increasing access to healthy foods is unlikely to improve dietary choices unless food cost disparities are addressed. h Nutritional policy, including SNAP policies, should reflect food cost disparities and their association with poor health outcomes.
